Abstract-Chitosan (CH) consists of water-insoluble Nacetylglucosamine and D-glucosamine molecules and has
I. INTRODUCTION
CH is a natural cationic polymer formed of molecules of N-acetyl glucosamine and D-glucosamine, derived from chitin [1] . It has insoluble D-glucosamine units at neutral and alkaline pH. CH is soluble in aqueous solutions of pH less than 6.5 [2] [3] . At a low pH, the amino groups in the polymer chain of CH are protonated, resulting in a water-soluble cationic polyelectrolyte [4] . It can dissolve in organic and inorganic acids [5] [6] . The solution of CHin aqueous solutions of acids depends on the concentration of protons and must be proportional to the concentration of the amino groups in solution [7] .
In prior studies, the researchers used CHas a semipermeable matrix in biological dressings and films for the treatment of wounds and burns. The properties of CHare antimicrobial, hemostatic, anti-inflammatory, nontoxic, biodegradable and biocompatible [8] [9] . Finding easily manufactured, stable, resistant, compliant CHbased films can have important additional applications.
The effect of viscosity on the solubility of Chitosan.
In solution, hydrogen bonds between CH molecules and water determine the viscosity of the solution. The acids have a hydrophilic structure that form strong hydrogen bonds. Strong hydrogen bonds and CH decrease molecular mobility and increase the viscosity of the solution [10] . The solubility of Chitosan in Organic Acids.
Viscosity measures the ability of a polymer to enhance the viscosity of a solvent at a given temperature. Capillary viscometers are useful for evaluating the viscosity of a polymer. The technique of viscometry consists of recording the time required by two fluids to flow between two reference marks in a capillary tube at a constant temperature [11] . The objective of this work was to evaluate the solubility of CH in solutions of organic acids by quantum simulation and experimental validation for the formation of chitosan films with optimal physical characteristics.
II. MATERIALS AND METHOD Quantum analysis
We quantitatively analyzed the solubility of CH in aqueous solutions of organic acids for the formation of films using the [12] [13] . Hyper Chem TM .The selected method of analysis was the Semiempirical Method Parametric 3 (SE-PM3). The calculation was optimized with thePolakRibiere method, calculating the following variables: HOMO-LUMO, Bandgap (BG), Electrostatic Potential (EP) and other properties [12] [13] . Selected specific parameters for each of the simulations shows in Table 1 and 2. [12] Experimental analysis The solubility of CH in aqueous solutions of organic acids for the formation of filmswas evaluated as follows: 1% low molecular weight CH (Sigma-Aldrich) was added in 20mL of 0.1 M solution of organic acids in duplicate ( Table 3 ). The solution was dissolve at 25°C, with magnetic stirring at 660 rpm for 15 minutes, and the final solution was filtered [14] [15] . The CH films were made by the plate casting method [16] . The filtrate was poured into a polypropylene vessel and placed in a drying oven at 80 °C for three hours. To determine the solubility of CH in the organic acids, the total soluble mass (TSM) of the solutions was measured [17] The castings were dried at 80°C until steadystateweight was recorded of the filter paper with the undissolved residue of CH. The percentage of TSM was calculated using the following formula (Equation 1):
Equation 1
Where: Qi = initial weight of CH Qnd = weight of the undissolved portion of the CH Table. 3: Organic Acids used in the solubility tests of CH
The solutions of CH with the acids that presented the best solubility were AcA and LA. The identified solutionswere used to to make CH films. The drying was carried out on a plate covered with low-density polyethylene. Film thickness was measured (Micrometer MITUTOYO), as well as planar dimensions, weight (OHAUS Sensitivity: 0.01 g) and density of the films [18] . We measured capillary viscosityin the samples that presented better solubility (AcA + CH and LA + CH) [19] . 9 ml of solutions AcA + CH, LA + CH, and tri-distilled water(positive control) were placed in 15 ml falcon tubes. The tubes are placed in a universal support vertically. Capillary tubes in the center of each falcon tube, and the upper limit of a perforated rubber stopper (No. 6, Marca Nacional).The setup was left at room temperature (25 °C) for one hour. The height of capillary plus stopperwas7. cm. Finally, the height of the liquid in each capillary was recorded in triplicate under these conditions. Table 4 shows a study of reactivity and chemical stability between two compounds from the perspective of quantum analysis. We calculated the ETC [12] of each substance by dividing the BG between the EP. The calculated ETC represents the number of multiples an electron's EP is needed to jump the BG between molecules of the same compound. The compound that has a higher ETC has greater impediment for the intermolecular movement of its electrons. Therefore, CH is the most stable and least reactive compound due to its lower ETC, while water is the most reactive and least stable of these molecules. Table 5 shows the results of all possible cross-bands of all compounds studied. This crossing of bands is done by taking the HOMO of a substance with the LUMO of the other substance and calculating its BG. In the same way, the EP of each substance is calculated.
III. RESULTS AND DISCUSSION Quantum chemical results.
Compounds with their lowest ETC have the highest probability of interacting by dissolving or reacting. In this case, we foundthat the organic acids most reactive with CH are CA and MA. LA has a more stable reactivity ( Figure 1 ). As shown in the same Table 5 , all the acids have a high probability of electron exchange with CH. In Figure 1 , the dots represent the bottom of the quantum well of each interaction; while the dotted lines represent the bottoms of the quantum wells upper limit (W) and lower limit (CH). It can be deduced that acids in aqueous solution easily attack CH by removing electrons, i.e. as oxidizing agents. From Table 5 and Figure 1 we can suggest that CA attacks CH more easily. This type of attack can range from Van der Waals forces, H-bridges, to chemical reactions in the electron orbitals. LA was identifiedas one of the organic acids with the greatest potential for interaction within quantum stability analysis (Figure 2 ) [20] [21] . The simulations and subsequent experiments show chemical interaction of CH with LA.
Experimental results.
To validate the computational simulations, physical experiments were performed with the following results: The solutions with the highest percentage of TSM of CH were AcA (ETC = 34.631), LA (ETC = 36.878) and MA (ETC = 33.557) with 89, 79 and 72% respectively. The solutions with a lower proportion ofTSM were CA (ETC = 31.429) and AsA (ETC = 36.566), with 55 and 65% respectively (Table 6) . .doi.org/10.24001/ijaems.3.6.14  ISSN: 2454-1311 www.ijaems.com Page | 707 CH was soluble in the MA solution (TSM: 72%). However, it is possible that this acid changes the chemical properties of CH, and therefore does not polymerize (Table 7) . In the quantum analysis, a high reactivity of MA and AsAwith CH (Table 4 /5)was observed. However, the solutions of these acids formed films with non-favorable physical characteristics. Therefore, they have an adverse effect on the polymerization of CH (Table 7) .There is a possiblechemical reaction CH--MA and CH-AsA (Figure 1 ) CH in the CA solution hadlow solubility (TSM: 55%) but formed a uniform film ( Table 7 ). The characteristic may derive fromthe high chemical interaction between CAadCH as observed in the quantum analysis (Table  4 /5). The AsA solution hadhigh solubility (TSM: 65%). However, the film was hard, nonresistant and presented oxidation. AsA is a thermolabile vitamin, so it is possible that it reacted with the drying temperature ( Table 7) . The CH films of better flexibility, appearance, thickness and resistance were those that we formed from the LA, AcA and CA. These acids had 79, 89 and 55% of TSM, respectively. As a result, the uniformity in the formation of CH films didnot depend on the amount of CH dissolved but the chemical interaction between CH and acid in solution (Table 6/7 ). The solutions of AcA and LAhada soft amber color. The AcAsolution had a characteristic vinegar odor, and that of LAwas odorless. CHdissolvedin AcA and LA solutions allowed the formation of smooth and resistant films at different temperatures (Table 8) .
Solutions of both acids dried at 100 °C formed the densest films. The highest density CH film was with AcA solution (1.67 g / cm3) at 100 °C, and the lowest density was with LA solution (0.66 g / cm3). Therefore, the thickness and density of the films werenot proportional (Table 8) . The drying temperature at 100 °C allowed the formation of thinner films in both samples. It was observed that the thickness of the film was dependent on the volume and drying temperature of the solution. This information was versatile in the applications of CH films ( Table 8 ).
The capillary viscometryresults for the solutions of AcA and LAwere statistically analyzed. The displacement reachedby the solution of AcA in the capillary viscometer suggests that it was less viscous than LA. Overall, theviscometrytests suggest that LA was a better solvent for CH by increasing solution viscosity (Table 9 ) [22] [23] . CONCLUSION CH dissolved in a solution of MAand AsAdidnot allow the formation of uniform films. The MA solution was soluble but was likely to degrade the CH. The acids with the best characteristics for the formation of optimal films werelactic, acetic and citric acid. The quality of the films of CHdidnot correspond to the percentage of solubility of CH in the acid but corresponded to the chemical interaction between the chemical structure of both. Quantum simulations suggested that LA has a greater abilityto react with CH. LA was a viable option for interaction with CH. The chemical interaction during the polymerization process between the solution of 1% CH and 0.1 M LAwas better because of its high viscosity. LA and AcA solutions dissolve CH for the formation of films with optimal physical characteristics. CH is more soluble in AcA. However, the physical properties of the film formed from LA are better.
